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ABSTRACT OF DISCLOSURE 

cytotoxic ly.phccyte-induc.ng WPt 

m and 40 ammo acids 
• no a peptide p«t h* vi ^ between 10. W»d 40 
si ng a P^ide P ^ antigenic 

^proximately -d compr^n* ^ 
, nMt Thc lipapsptidB* also comprise 

chains derived from fatty, acias 

ceroid croup*. iMMni zing th. 

said lipopeptxdes may Be us 

animal *ody against patnogenic agents .«<* 

human or animal oouy * nart icular, 

M , tflB Th e peptide part may, xn, partxcui 
viruses' or parasites, me * v 

viruses* f vs^f the ENV gene, by 

* ft * the protein encoded by the 
be a fragment of tne 

v» v the GAG gene of HIV viruses, 
the NEF gene or by the wu» y 

DA. 
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UMl^-^^ 11 ^ . inventi on is novel 

Th e subj^t of the . present inven 

n- ivranhocvte-inducing lipopeptides . 
cytotoxic T lymphocy ^ ^ 

is furthermore tne 
The subject is ^j. 

. j j » » vaccines, 
lipopeptides as 

^^^^^ „ . a raspon se through 
Mo st vaccines used induce a rasp 

it has ,een shown that cytotoxic 
antibodies. However, it h« 

= ran effectively protect 
iymphocytes can _ proc _ 

• „ nathocjenic microorganisms (SXehei 
v .«o« Pethog ^ et al</ 

j e r i USA. 19B2, l?i ?00 ' 

satl. been shown for 

««l 1984, 160: 814). This has also 
Exp. Med. 198 , .g.inst cyto- 

h uman cytotoxic . l^P-cytes 

^ov*™... ^uinnan et .1-, »■ « ' ^ 

307: 7, Hoo, et al., «• 19 "' y due M 

ever, little i. *-n about inducing i—ity 

lymphocytes. cytotoxic T 

See authors have "led to induce cy 

, s ( CTL) in vivo- using peptides derived fx. 
lymphocyte (CTL) ^ 

ovalbumin (carbon* et al- J- 
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i 143- 10941 , These 
+ al 1989, J. Immunol. 143. iu» J 

i <-- rt n« but these results are 
author, obtained ionizations , but 

H , ps derived from ovalbumin, 
specific for peptides derive 17l . 18 i3) 

rr * al t ( 1990) J * Exp. Med ' 17l ' X815) 
AICHEXjE et al. ll« 3U ' 

. a) ^ — «... «- — «»- — 

necessary for 
t-hat an adiuvant is n es - cs 
they suggest that an j 

obtaining such a response. 

T he application EF-303,676 rentes to a vaccme 
fended to -ce a T ~XX r-P~.^ 
cwnp ^S peptide-^ ~« 

£at ty acid w-ch is use. is «- Pa— «« ' 

i ^md's adjuvant. 
However, this vaccine comprises also Freund 

To the Knowledge of the applicant, oniy OEKES 

, , « «a 30 November 1989) have des- 
et al. (Nature, Volume 342, 3D no s 

of a synthetic lipopeptide to induce 
cribea the use of a syntn 

* «= ,ctli in vivo, in this article, 
cytotoxic T lymphocytes (CTL) xn 
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* 0 £ a nucleoprotein of the 
t h. NP X47-158 fragment of s . QlyC «yl~ 

■rus is coupled to tripalmitoyl-S-glyCsry 
influenza virus is coup 

(inrqsl it is shown that the 
cysteinylserylserine (P3CSS). A n „ a C TL 

^ P3CSS lipid conjugate induces a 
MP 147-158 peptide-P3C55 

N t ^ the influenza 

responS e against ell. infected ^ 

virus , wh ereas -ic With th * dQ 

. th the 5er Ser-NP 147-15B peptide do 
pepti de .ion. or «th the a ^ 
not generate cytotoxic T lymphocytes ag 



virus . 



20 



It should .!« *e noted that lipop^des have 
al re a dy b *en „- *o In**, illogical -actions to 
air y ae nGrated implied 

spaCiI ic antige-, hut the re^nses gen 

^thesis of antibodies and not T lymphocyt. 
the synthesis 01 U-ais; 
— HOPP {Molecular immunology, ^ 

1984 ) has shown that antibodies ra.sed 

; • = rnu id be obtained 

, . . +. - - n virus couj." 
o^F the hepatitis a vij." 
determinant of P . , 6 consiS ting of a 

by - inu.uni.ing rabbits using a molecule 

tide of IS a ffi ino acid, corresponding to 
peptide of v Ht <. b virus and of a 

antigenic determinant of the hepatitis 

pseudolipide residue, dipal-aitoyl lysin.. 
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, n ' EP - 93 851 describes some, 
The application 

rt ^.- H ic sequence of b to 
, , f.ttv acid sucn a» f 

The publication or , 

1Jlc ^ .. , use of c 
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-1 29-33, 1989) describes the 
V ° 1Ume ?/ ' ' - . no a part of the sequence of the virus 
lip opsptide comprising a part synthesiS of 

FDMV (VP,) and the lipid" P 3 CSS - induce 

antibodies. et al . 

nf the publication ct 
The abstract of the P 

„i 104 n"21, 472, abstract 184.455 
(Chemical Abstracts, vol. 104, 

the induction ox 

syntheE is ,V a lipopeptide «»nn g 

bound to a aipel-ltoyi rest. ^ ^ 

The abstract of the pubUc.tion 

, Abstra cts vol- 106, P ^, \" 154 

(Che-ic*! Abstracts. correS pcnding 
u# 19S7 ) r Sla te S to tne use of 

to the r egi on of the glycoprotein r,.o 
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Tt is clearly indicated 
HS V coupled to the palmitic acid. It 

of a T cells mediated response but 
**** there is induction of a T ceu 

not due to cytotoxic T lymphocytes, 
that this response is not due to cy 

<k.4-» to the synthesis and tne 
other references relate to the y 

structural study of lipopeptides , 

The xntern.tional W U«tion WO 0, 1034B plates to 
fatty acid s derivated lipopeptides , such a. tne 

some fatty amin otetradsc a noic , 

, rn „ nic aminodecanoic, am 

aminoeicosamc, 

* ^noid and bromododecanoic acids, 
bromodecanoid ana as 

. ~h that these compounds can oe 
It is mentioned that tne* r 

• firs £or vaccines, but without 
adjuvants and as carriers 

4-^ 11 a p. these compounds- 
providing any — to use ^ _ 

The abstract of the publication of Mercy 

264, abstract 

«*-t«l vol. 1«. 

„•,«,. ««3 P. — ^ StrUCtUral " t 

. ^^-4. of the virus G pro^-wj-" 
lipopeptide composed of « fragment of th 

a „d of a Xysine-palmitoyl rest. 

Besi d 9S , ths US applied n S N 62E.3M r.la*.. 

pol y PeP t idi c ^P— an a*ino se.uence taKen 
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ln two re^ns of the «F P-teins corresponding to, 
residues 7 3- 9 4 ^ U3-147. Hovev., the structure of the 

„, application does 

Hiqrlosed ana tne ^-^^^ 
lipidic moiety is not discios 

. >vo use of such 

not include *ny r««lt« concerning «i. use 

lipopeptides . 

. * i-h. state of the art therefore 
This analysis of the state 

.^Mcabie to various types of 
shows that no technology applicable 

•„«„•■, has been developed which enables the 
antigenic determinants has been 

,„^.. to be obtained, with a 
induction of cytotoxic T lymphocytes b 

■ which does not require the 

high induced response, and which 

administration of an adjuvant. 
GENERAL DESCRIPTION OF THE INVENTION 
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The vacant has shown, surprisingly . that: a 
response of cytotoxic T lymphocytes against an antigen 
CO uld be indues* in a host organise by i-uni.ing said 

•th a l<popeptid* complex containing one of the 
organism with a iipope*"-- 1 . 

determinants of this antig±n. 

the applicant has shown that 
Even more surprisingly, tne a P p 

this inaction could be obtained for a iarge number of 
antig enic determinants of various pathogenic agents. 

Th e subject of the present invention 1. therefore 
lipop « P tide comprising a peptic part having bet^n 10 an* 

0 ana preferably ^ » - » ^ 

least one antigenic 
approximately and comprising at least 

; e _t, — - — — - ° ne °;; 

ch ains derived from fatty acids comprising between 10 ad 

pfDT . n id nraups moainea 
20 carbon atoms and/or one or more steroid g 

m or e _nh, functional groups of said 
and coupled on the a-NH 2 or c hb 2 

amino acids. in ' particular 

said fatty acid derivatives may be 
nexade c a noic acid, 2-aminohexadecanoic -id ( D ,X0 of the 
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N-£.palmitoyllY**- ne (L) 



of the following formula (II) 




or its 



deri vate having the following formula 



15 



«t nm 40813499 SERVICE DES BRENTS IP + 0BL0N 

01/04 2003 18:19 FAI 0014061349H 



H*J M * w 





- 3 - 

1 



Receivea at: itiJ^i 

01/04 2003 18:19 FAX 00140613499 



SERVICE DES BREVETS IP - OBLON 



1^1 026 



tr 



imexa utide of the following formula (V) : 
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a their derivatives, 
or one of tneir u<=^ 

Said steroid groups may be C 

^ ri^ of the following formula (Vi>. 

oxy) acetyl] lysine (L) oi 
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formula (VII) 
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„ «. of their derisive*. of pro _ 

The peptide P«* maY BO «.s.lng an 

* «* a pathogenic agent po*s 
tein derived frea * P 

antigenic determinant. proteins of 

Such proteins may be prote in 

- in particular 

encoded by the ^ 9— v.* 1 
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,07-331 tnay be advantageously used 
H7-327 302-336 or 307-331 ™«Y 

312-327, J U ,Hvers, C.A.B. Rabson, 

th . uiV,-BRU sequence (Hyers, 
depending on the Hiv x or 

„ T F Smith and E. wong-staal (Eds.), 
S.F. Josephs, T.F. Smitn TT . 5 g> of 

and AIDS Los A^mos Labora.ty II. 59) 
Hu.an retrovirus and AIDS, lioopffptide molecule. 

5 thlB protein, to for* the — Pt ^ 

SuC h frag^ts of. HIV protein, -T - 

rt f the protein encoded oy 
97 U7 . 14 7 or 182-205 fragments of P 

s or the 183-214 or 253-2B4 f..9«n« of 
the NEF gene or 

protein encoded by the GAG gene. ^ ^ 

The present invention relates 
10 ositions containing - .ff-ient 

ph armaceutical compositions describ ed 
»f at least one o£ the compounds aoo 

n:i:::<i ... - - «- — • « " a5mn " 

These compositions are f 
I 5 , . h with the hiv virus by 

treating the diseases related with 

auction of cytotoxic T lymphocytes. £urthermore 
The sublet of the present invention is 

,„ aS ites containing one of tne 
vac cines against viruses or parasite 

20 a.ove-described lipopeptides , and in P* 
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caid vaccines 

aga in S t disease, linked to HIV viruses, 

• < nn at least a fragment of a proton 
.dvantaosously contain, at least ^ 

which 1. the product of the ENV g «ne, of 

the GAG gene. 

. ! . such a vaccine could contain the 

In particular , sucn a 

following fragments : 

4- n f the protein encoded by the ENV 

- 307-311 fragment of the prutci 

~w TR2-205 fragments of tne 
66-97 r 117-147 and 182 ^u=> * 

protein encoded by the NEF gene, and 

- 133-21, and 253,234 fronts of the protein 
encoded by the GAG gene, 

rtHnn is furthermore 
of the present invention is 
The subject ot tne y± 

M ^i-if3ei for immunizing 
* of the at-ov.-aescribed lipopeptide* 

tfhe use or i-n* 

nimal body ^inst pathogenic agents by 
the human or animal body g aaen ts 

= cuch pathogenic ^geni-^ 
inducing cytotoxic T lymphocytes. Such P 9 

. „hich have a substantial cytotoxic activity, 
may be viruses which have, a certain 

*>,- HTV1 and HIV2 viruses, and 
in particular the HIVl 

parasites. against certain 

Said lipopeptides mays also be used g 
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* rTL response specific fo* 
careers in order t* indue, CTL r P 

cerU in tu,or c e ll S . of the 

Th e Upopeptides which are the suD 3 
The protein and 

™»v be obtained trom h 

present invention may be 

immobilized on a re.sm, a pep tide 

i^m*** m . .olid p haS e. according 

« -°-d M — — - ; ; o£ being 

« - ~ poss r; t ;r r — , 

capaD ie c f fceing adapted fo deteiminan , of 

iymphocytes eg.*** any type of ant.geni 

any pathogenic agent. re i tt *«s to 

Addition.!*, U»: P— ^-»« 0B 
the gloving synthetic inte^di^s : ^ 

following formula (VIII): 
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H . a - t erbutyloxycarbonyl 
following formula <IX)= 



; _paimitoyl-lys^ e 



CD 



of the 




v-\occ 



jSh-ot-f luore 
the following 



nyl^ethyloKycarbcnyl 
formula (X) : 



-oal«iitoyl-^ sine 



(D 



of 
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N _ a _ tert -butyloxycarbonyl e- [ ( cholest-5-enyl-3 oxy) ■ 
acetyl] -lysine (L) of the following formula (XI): 





10 



or N^-fluorenylmethyloxyc.rbonyl £ -[ (cholest-5-enyl 3 
oxy) -acetyl] -lysine (L) of the following formula (XII): 



15 




20 



1 s 



01/04 2003 18:21 FAX 00140613499 SERVICE DBS BREVETS IP - OBLON ©033 



or one of their derivatives. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated, without being 
limited in any manner, by the following examples of 
5 application in which figures 1 and 3 represent the reverse- 

phase HPLC spectra of the lipopeptide V3GP120, 312-327 
succinyl during preparative and analytical electrophoreses 
respectively. 

Figure 3 represents, for its part, its mass 

10 spectrum. 

Figure 4 represents the specific cytolytic activity 

of an anti-peptide NEF. 164-178 CTL from macaque RS20. 

Figure 5 illustrates the cytolytic activity of RS4 
effector cells stimulated by autologous PBMC sensitized 
15 vith various peptides. 

pvampt.e 1 : synthesis- of p^udolipid residues L°r 

hydrophobic mo lecules \, 

1. Synthesis of 2-tert-butyloxycarbenyl-aminohexadecanoic 
acid. 

20 i tl synthesis of 2-aminohexadecanoic acid. 

Empirical formula: Ci6 H 33 N0 2 
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Molecular mass: 271.44 
Procedure : 

0.0298 mole of 2-bromohexadecanoic acid (10 g) 
and 100 ml of a 28* solution of NH 4 OH are introduced 
into an autoclave previously cleaned with 50* nitric 
acid and 10% phosphoric acid. After stirring, the auto- 
clave is heated at 60 "C for 15 hours. The nascent amino 
derivative precipitates in the reaction medium- After 
cooli« 5 , the autoclave is washed, the water dispersed 
and the ethanol removed. The reaction mixture is fil- 
tered on sintered glass with a porosity of 4 The 
difference in solubility of the various products in 
ethanol medium enables the removal of traces of 
2-bromohexadecanoic acid by rinsing. 

Amount of precipitate obtained: 4.37 9f yield 

of 54%. 

Remark: The insolubility of the amino deriva- 
tive was Checked in numerous solvents (water, ethanol, 
acetic acid at low temperature, 70* formic acid, ethyl 
acetate, toluene, toluene/acetonitrile, ethyl acetate/ 
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acetonitrile). A.ong *1X the solubilization assays 
' tM «d, only the action of a specific detergent (trx- 
m ethylbenzylMW°nium hydroxide) or boiling ac.tic acid 

dissolved the amino derivative. 
5 The dried precipitate is taken up in 150 ml of 

acetic acid which is relaxed until a yellowish clear 
solution is obtained. The colored pigments are absorbed 

iftpr filtering on folded filter 
on vegetable charcoal. After rii^tAuy 

■ „ H-^ivative is obtained by 
paper, the purified ammo derivative 

crystallization from the el«te. The whit, crystals 
obtained are recovered on sintered gla« with a 
porosity of 4, washed with cold acetic acid before 
being dried in a desiccator over P 2 0 5 . 

Yield: 46% I the product being in acetate form, 

15 a MW of 330.48 is used) . 

The purification yield is equal to 85%- 

1.2. Synthesis of 2-tert-butyloxycarbonyl- 

aminohexadecanoic acid. 

- Empirical formula; C 2 x H 41 N °4 

- Molecular mass : • 37 1 . 5 57 . 
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- Procedure: 
Dissolution of 2~am: 



ixnohexadecanoic acid- 

• a1 .nt. of "Triton" (benzyltrimethyl- 
1.1 equivalents oi ■*■»-■»■ 

ammonium ' hydroxide) in 

_ t -i i no ml of DMF a: 

(2.9 ml) as well as iuu mx 

^ ^ ^™ M 655 q). The reaction 
in acetate form U- D33 
of amino acid in acetove 



solution at 40% in methanol 
Lre added to 5 mmol 



mixture 



is left stirred at room 



temperature until c 



is then evapora 



ted using a 



20 



plete dissolution. The DMF 
vane pump • r.-»u. is dried in . desiccator over 

?2 ° 5 ' Protection of the amine functional group. 

The dry residue is- dissolve in a mixture con- 
sisting of 36 ml of ^, B. of IN KHCO3 and 30 ml 
of frt-butyl «l«*ol. a . S .^t. of te^utyX- 

, , ^ ~ +-his solution, 
/vim - Tin 95^ are added to ^nis =>^-^ 
dicarbonate (MW - 218. 2i) 

The pH is adj u S ted to fcetween 8 and S using a « 
soluti on of Ka 2 CC 3 and maintained constant during the 
ini tial hours of the reaction. The Kinetic* of coupling 
are stored hy thin-layer chromatography on 

Aft .r evaporating tert-butyl alcohol under 
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. - < c fsvpn uo in 100 ml of water. The 
vacuum, the product is taken up in 

acidified to P H 3 with a IN solution 
aqueous phase is acidlliea y 

of „ci. The Boc-an,ino acid is exacted with ethyl 
acetate (2X100..D. The. organic ph.- i« v..h«d w.th 
dialled water, dried over anhydrous Na 2 S0 4 , filtered 
and then concentrated using a rotating operator. 4 ,1 
ot hexane are added to the oily residue. Crystalli- 
zation of the Boc-an-ino acid i. enhance, *y cooling x» 

= are recovered on 
. _ white crystals 

a cold chamber, me wjij-uc j 

rtf 4 washed with hexane 
sintered glass with a porosity of 4, wash 

and dried in a desiccator over F 2 0 5 - 

Yield: 16 to 18%- 

L3 , purification and characterization. 

13 1. Purification. 

Successive retaliations made it possible 

♦■h. ouritv (increase in the melring point), 
to increase the purity i 1 " 1 -'- 

The purification led to > reduction in yield . ot no, 
raorS than 2* for a.inoh^decanoic acid and of not .ore 
than i* for the protected amino acid. 
1.3.2. Characterization - 
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Melting point obtained 
56'C 
144*C 

85'C 



product 

2-Bromohexadecanoic acid 
2-Arninohexadecanoic acid 
5 2-tert-Butyloxycarbonyl- 
aminohexadecanoic acid 

nn tjy of a solution at 
The solutions (10 to 20^1 ot 

1 «- d e po Sit e d on thin-lay- .Hie 

10 silica g-1 60 without fluorescence indicator) . 

/' • j is dissolved in 

2-Broinohexadecanoic acia 

*cid in boiling acetic 
et h.nol , 2-aminohexadecanoic acxd 

h^nvi -2-aminohexadecanoate m 
acid, and tert-butyloxycarbonyl 2 ammo 

<i i-ch 1 o r ome tian b . 
15 choice of the migration solvent. 

The various systems chosen are: 

, Mtancl/ethyl acetate/acetic acid/water in 
System A: butanol/etnyx 

the volume/volume proportions: 1/1/1/1- 

/ 4.4^ acid/water xn 
SystGm B : ethyl acetate/pyridine/acet.c 

the v/v proportions: 5/5/1/3. 
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System C: chloroform/ methanol /acetic acid ^ the v/v 
proportions: 10/1/0-1. 
Developing . 

, c „,f Pm of suitable 

After migration in the system 

solvents, the thin layers are dried for « minutes at 

120 "C before being developed after spraying with a 

developing reagent* 

- The ninhydrin reagent vhich is specific for 

- rt functional groups enables the detection 
primary amino functional y iU ^ 

of the unprotected aminohexadecanoic acid but a! S o of 
tw boc-^»o «id, the. spraying of 20% acetic acid 
followed by drying at 120'C enabling the displacement 

of the Boc group- 

The .praying using a reagent comprising 20 g of 
,HH 4 ) 2 S0 4 , 3 1 of H 2 S0 4 and 100 ,1 of H 2 0 enable the 
simultaneous developing of the three products. In thxs 
technique, the drying, after spraying, in the. th.n- 
i aY er chromatography is carried out using an e P - 
ra diator (Porcelain resistance with infrared 

20 radiation) * 
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RS5Ult: solvents M 

Pr ° dUCt • „ ri d system A 0-5 

2-BromohexadecanoiC acia 

z System B x 

System C 1 

5 ■ a ^ri System h °- 82 

2-Aminohexadecanoac acid SySte m'B 

System C 0 

2-tart-Butyloxycarbonyl-aniino- t 

System a 

J0 hexadecanoiC acid b , 

System C °' 67 
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c . Mass spectres ( P D MS BI 0-IO N2 0). 

trum. Fragments: 

(M-H) 

mm (g) 

• i mm 370-557 
Theoretical MM 270 

Experimental MM 37 0.8 ^ 

The experimental molecular 

, olecular ion have an identical mass. The 
theoretical molecular ion 

a ion is fragmented; the Boc group (peak 

ent5 the ion 

270) is released. The 2.96.6 Pe** P 

„ of 270 containing the CH group (nitro 

with a mass o£ ^/u . . 

cellulose) - 
2- 

darJ-Bst-S-exiQ. 

2 . lt synthesis chol^fryX 

- Empirical formula: C 34 H 53 S0 3 , 

- Molecular mass:- 5^0.83, 

- procedure: 

t cholesterol 
, ft « absolving' ».•« of 



«f 3# - ( 2'-cartooxYmethoxy)- 
synthesis ox p ^ 
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of tosyl chloride (10 g, 52.6 mmol) is added. After 
stirring for 12 hours, the pyridine is removed by eva- 
porating to dryness. The residue is solubilized in 
20 ml of acetone at high temperature (the temperature 
is maintained below 55'C to avoid the formation of 
oil). The mixture is filtered. The cholesterol tosylate 
is obtained by crystallisation from the eluate. The 
white crystals obtained are washed with cold acetone 
and dried in a desiccator over P 2 ° 5 - 
Yield: 82 to 85%. 

2.2 Synthesis of 3^-(2--hydroxyetho X y)- 

cholest-5-ene . 

- Empirical formula: C29H5QO2* 

- Molecular mass: 430.71. 

- procedure: 

30 ml of ethylene glycol (4 80 mmol) are added 
to 17.5 mmol of chdesteryl tosylate (10 g) dissolved 
ln 120 ml of dioxane. The reaction mixture is refluxed 
for 4 hours at 120 'C. After cooling, it is taken up in 
150 ml of distilled water. The alcohol derivative 
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a ■ o^racted with diethyl ether (3 x 200 ml). The 
formed is extracted wiui i 

ethereal phase is successively washed with 5% NaHC0 3 (2 

200 ml) and dialled water < 2 * 200 ml). After drying 

ov«r anhydrous Na 2 S0 4 , the ethereal solution is 

concentrated until an oil is obtained. After adding 4 

ml of hexane, the crystallisation is started by rubbing 

and cooling in a cold (4'C). The whit, crystals 

ar e recovered on sintered glass with a porosity of 4 

=h»rt with hexane before being dried in a 
and washed witn 

desiccator over ?2°S • 

Yield: 32 to 34%. 

a . 3i synthesis of 3 ?- ( 2 • -carboxyruethoxy ) - 

choleSt-5-ene. 

- Empirical -formula; C 2 g^^B Q 3^ 

- Molecular mass: 444.69. 

- procedure: 

■«« solution is prepared beforehand: 
The owdizmg solution j.^> *r 

- D * 9 67 a of chromic anhydride, 2-3 nil of 
it comprises 2 , t> / y UJ - 

. +■ or? h SO, the volume being brought to 10 ml 
concentrated Hjaf-U, ^ 

istilled water. The oxidizing medium is added 



20 with d 
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dro pwi S e to ,-66 nuno! <2 9) of ^(2-hydrOKyethoxy)- 
cKolest-S-ene dissolved in 50 n>l of acetone. The pro- 
gress of the reaction is -nitcred by thin-layer chro- 

<-nn is completed, the 
roatography. Once the reaction 

ruction .nediu* is taken up in 250 ml -of distilled 
water. The acid derivative is extracted with ethyl 
aceta te (3 , 200 1). The organic pha S e is washed with 
distil led water (2 * 200 n,l), dri.d over anhydrous • 
Na2 S0 4 and concentrate until an oil is obtained. 4 .1 
t petroleum ether are added. The crystallization of 
the acid derivative is enhanced by cooling 1« * cold 

.^^ais a re recovered on 
chafer (4'C>- The whitt crystals 

' of 4, washed with 

sintered glass with a porosity ot 4, 

. l and dried in a desiccator over P 2 Os ■ 
petroleum ether ana anew 

Yield: 29 to 31%. 

2.4, Purif jtcation ana cnmnvi- 

2.4.1, Purification. 

Cholesteryl p-toluenesulf onate is pnrifi^ >Y 
successive recrystallization, m aceton* . - ( 2 • " 

k c and the acid derivative 

Hydroxy ethoxy)chole S t-5-ene and 
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.urified by thick-layer chromatography 
have both been punliea uy 

on silica- 

mV . . laver chromatography on. silica. 
A - Thick-layer = . , . v 

The depo S it i0n5 are carried out on a 
X.y.r-0* 3Xlica (Merc, siXica 9 el 60 PF 2S4 
£l „ce Victor,. - SP o tS W — * 

ultraviolet radiation. 

. - • n ?«;n ma of product is 
A solution containing 0.250 mg 

the sill" plat., the products have both 
deposited on the silica f 

been dissolved in dichloromethane 



Product 

3 f- ( 2 1 -tiydroxyethoxy ) - 
cholest-5-ene 



0.48 



. ji- ( 2 ' -carboxymethoxy ) - 
cholest-5-ene 



0 .52 



Solvent 

petroleum ether/ 
ethyl ether 
Volume /volume 
proportions: 1/1 
Petroleum ether/ 
ethyl ether/ 
methanol 
v/v proportions: 

10/10/3 

_ ovi-r-acted from the silica 
The two products were extractea 



- 29 - 



Received at: 12:3iPM, ^/i/<:uuj 

01/04 2003 18:25 FAX 0014061349H SERVICE DES BREVETS IP ~* OBLON ®<>A6 



T_ *. mi of the 
* loss equivalent to about -0* 
ro ethanol- A loss H products. 

amo unt deposed is «*-^ ^ 
2.4.2. Characterization. 

* Met tinqpoj-Bi^- _.•„»- Melting 

i J? fll1 HJ Melting point 

Preset (literature) P oint 

Cholfcsteryl para-toluene- l31 , s . c . l3 2 . 5 " C 

sulfonate . 102-C-104'C "' C 
3 3. ( 2 ' -Hydroxyethoxy ) 

3 ' H2 .-Car*oxyir ie tho*y)- X60 . c . l61 - C 151 " C 
cholest-5-ene 



10 



IS 



20 



solution are ck Kiese lg*l 60r 254 )-_ 

a fluorescence ind \ ca "V the varioUS products is 
The dissolution of ^ne vo 

carried out in dichloron^ne • 

After migration m the su ^ being 

syst **, the thin layers are £^ « £ oft or afte r 

spraying with HCiu 4 ^ 
for 20 minutes) . 
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Result: 
various solvent system.. 

system A; Ethyl ether/petroleum ether m the v 
volume proportions: 1/1. 

System B: Ethyl ether/petroleum ether in the v/v pro 

Petroleum ether/.thyl ether/methanol in the 

v/v proportions: 5/5/1- 

Sy.tL O: Petroleum ether/ethyl eth.r/methar.ol in the 

v/v P^ rtiM1 ' "'^.thyl ether/methanol in th. 

System E: Petroleum etnei/etnyx 

v/v proportions: 5/5/2. 
System F: Ethyl ether, 
product 



Cholesterol 



Solvent system 
System A 
System B 
System F 



R f 
0*54 

0 . 3 
0.95 



20 



Cholestery^- para- 
toluene sulfonate 



System A 
System B 
System F 



0-85 
0.62 
1 



3^- { 2 ' -Hydroxyethojty) 
cholest-5-ene 



System A 
System B 



0,41 
0.24 
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3/L ( 2 ' ^Carboxyroethoxy) 



cholest-5-ene 



System F 


0.9 


System A 


0 


System B 


0 


System c 


0-1 


System D 


0 . 42 


System E 


0.78 


System F 


Streaking 


effect 


: R f 0 0.5 



S^litid MM 443.69 
SSn^lSnSl molecular ion an* the theoretical 
lol^ular ion have a"^""^** 

specf/u^ co^ison with the 

*3 C m spectrum o £ c^stexol. : , th8 3 

(2 .- C arbox^ e thoxy)ch 0 le S t-5- ene w«» performed xn 
d^aterated chloroform. 
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Peaks 



Cholesterol spectrum. 
d(ppm) obtained attribution 



140 .7606 



2 
3 
4 
5 
1' 



to 22 



121.7064 
78 .5715 
76 - 9981 
75.4010 
7 1 to 11 



C5 or C6 



100 to 145 
C5 or C6 
CDCI3 
CDCI3 
CDC It 



theoretical 
d(ppm) 

alkene func- 
tional group: 
d(ppm) from 



peaks 



alkane func- 
tional groups 

3 5_ ( 2-Csrboxymethoxy)chole S t-5-ene spectrum 
' d(ppm) obtained attribution t 



172.2923 



CI * 



139 . 8394 



C5 or C6 



122 .5233 



C5 or C6 



theoretical 
d(ppm) 
acid func- 
tional group: 
d(ppm) from 
160 to 185 
alkene func- 
tional group: 
d(ppm) -from 
100 to 145 
alkene .func- 
tional group 
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80 .5745 



79 .2943 



CI* ether func- 

tional group: 
d(ppro) frora 4 5 
to 8 0 

Qlt + slight dis- 

placement 



6 



alkane func- 
tional groups. 



78.5903 CDC1 3 

7 77.0089 CDCI3 

8 75.4146 CDCI3 
g to 31 €5 to 11 

f,- Elemental analysis^ 

Elemental analysis of 3/^ ( .2 ' -carboxymethoxy ) cholest-5- 
ene gave the following results; 

Theoretical Obtained 

7B 3 7 6.25 

% carbon /o.j 

10 9 

% hydrogen x\j . ^ 

TO- B 12.5 
% oxygen AW 5 

SAMPLE 2: - e T "^^-'" " f ^ UnoP^Pt"^ 

^ w^t.hod for rflttBllng 7 - arnln ohexade . Eflnoic acid 
The 312-327 region of gpl20 of the Hiv-l 
LA v BJUI virus ««• chosen for sequence constructed in 
lipopeptide form in order to study the cytotoxic T 
response. 3 preparations were carried out using this 
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S equence . 

The synthesis was carried out in solid phase 
(MERRI FIELD R.B., 1963, J. An.. Cham. Sec. 85, 2149- 
2210) . 

5 All the lipopeptides were synthesized on a 

benzhydrylamine resin (charged at 0.72 millimole/gram) . 
in all cases, the first amino acid grafted was 2^Boc- 
am inohe*adecanOi= acid (2 equivalents). This made it 
possible to obtain construct, where the C-terminal 
10 amino acid was 2-aminohexadecanoic acid in amide form 

in order to avoid tho presence of a charge near the 
hydrophobic aliphatic chain. After acetylation with 
acetic anhydride in basic medium in order to block the 
t*~* reactive ,Un, the cleavage of th« N-terminal Boc 
and then the coupling of the first amino acid of the 
sequence were carried out. 

All these stages were carried out manually, 
which made it possible to carry out very precise 
controls of the coupling of the psaudolipid amino acid 
and the first amino acid on the latter. 



15 



20 
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The coupling activator is benzotri«olyl-N- 
oxyt riadimethylaminopho S phcnium (BOP) in the presence 
of hydroxybenzotriazole (HOBt) and di isopropylethyl- 
amine (DIEA) ■ By virtue of this very efficient coupling 
method, the yield of these two coupling reaction, was 
always greater than 99.5% despite the substantial 
steric hindrance due to 2-Boc-aminohexadecamoic acid. 

The rest of the synthesis was carried out in a 
conventional manner, automatically, up to the last 
amino acid. At this stag*, the peptidyl-resin was 
divided into 3 batches, treated manually: 
1 batch was preserved as such; 

1 batch was grafted using 2-Boc-aminohexadecanoic 
acid. The manual coupling (using BOP) of the latter was 
followed by cleavage of the N-terminal Boc and 
acetyl^tion of all the amine functional groups thus 
exposed. This made it possible to avoid the pre SE nce of 
a charge near the hydrophobic aliphatic chain of the 
pseudolipid amino acid, 

1 batch was grafted using diBoc, Na,^lysine. Manual 
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grafting (using BOP) of the latter was followed by 
cleavage of the two Boc groups and the manual coupling 
of palmitic acid (using BOP). We thus obtained peptides 
possessing a dipalmitoyl-lysine in the N-terminal 
position. 

These couplings, carried out manually, were the 
subject of a strict control which revealed yields that 
were always higher than 99.5%. These results confirm 
the advantage of using BOP as activating agent in pep- 
tide synthesis, especially for coupling pssudolipid 
amino acids or for coupling to the latter. The synthe- 
sized lipopeptides were then cleaved from their 
support. The lipopeptides derived from the 312-327 
sequence were cleaved by anhydrous hydrofluoric acid 
treatment. The cleavage yields are quite low, between 
4 0 and 7 0*. 

There are at least two explanations for these 
values: 1) the cleavage of a peptide grafted on a 
benzhydrylamine resin is never total under the usual 
conditions of cleavage; 2) the presence of 2-aminohexa- 
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t ■ ^nfact with the resin, 
decanoic acid, directly in contact 

cert B inly amplified this phenomenon. 

A , t er washing -ice Cither), the identity 

ot the lipopeptides - — » ^ an3lySiS 

■ hv PDMS mass 

5 after total acid hydrolysis and, for some, by 

■ spectrometry, -eir homooeneity was checked ^ — 
layar chromatography on .11- and analytical reverse 

phase HPLC, _ 

10 mpxautide 

11 _ Jlfi th £ d__fc J r^^ 

t . de , tpth^ter*^^ 

„f a suc -^V 1 link... 

jii, method applies to the fixing 

, Hd. (or trimexautide) °n a peptide 
1S tected pimelautide (or 

eH n fixed to the resin, 
constructed in a solid phase, still fixed 

and to protected side chains. 

Both trimexautide and pimelautide C^one 

, ha ve two free carboxylic functional group, and 
Poulenc) h=ve creat ion of 

20 a free primary amine functional group. 
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a predetermined amide bond between the peptide and the 
pim elautide (or tri«x.utld.) can only be achieved by 
using the pimelautide (or trimexautide) as amino 

partner , 

The succinylation of the peptide on the resin 
m akes it possible to make it the carboxylic partner. 

The terbutyloxycarbonyl group, which tem- 
porarily protects the N-terminai end of the peptide on 
th. resin, is cleaved by the action of a 40* trifluoro- 
a cetic acid solution in dichloromethane for 20 minutes 

with stirring. 

The resin is washed with: 

- twice 20 ml of dichloromethane , 

- twice 20 ml of 5% dllsopropylethylamine in 

dichloromethane , 

- twice 20 ml of dimethylf ormamide (for 

3 minutes for each wash) . 

^. >*, carrvinq out the coupling 

It is achieved oy. carrymy ^ 
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three times by bringing the resin of the succinyl^ion 
solution into contact with: 

- a fivefold excess of succinic anhydride (5* 

solution in N-methylpycrolidone) 

- diisopropylethylcunine in a stoichiometric 
amount relative to the amines of the rosin (for 
20 minutes with stirring). 

ftrTIVATIQN . 

* rArhoxvl now present on 

The activation of the carooxyi iww ^ 

the resin is carried out as follows: 

the resin is subjected to the action of the 
activating solution (for 15 minutes at room temperature 

and with stirring) s 

- BOP ^^zotriazolyloxytrisdimethylaminophos- 

phoni^ hexaf luorophosphate) : 3 excess with respect 

to the carboxyls, 

- HOBT (hydroxybenzotriazole): 3 excesses, with 

respect to the carboxyls, 

i 4-K*r vami ne> * 7 excesses with 

- diisopropylethylamine . / 

respeCt to the carboxyls in solution in N- 
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methylpyrrolidone . 
WASHING 

The solution is washed with; 

- 3 times 30 ml of dimethyl f ormamide , 
5 - 3 times 30 ml of dichloromethane . 

COUPLING: 

The resin is subjected to . the action of the coupling, 
solution : 

- pimelautide (or trimexautide) : 3 excesses 
10 with respect to the activated ester of 

hydroxybenzotriazole , 

- diisopropylethylamine: 3 excesses with 

respect to the ester/ 

- 10% dimethyl sulfoxide 

15 - 90% N-methylpyrrolidone: sufficient amount to 

dissolve pimelautide (or trimexautide). 

The saturated solution is at about 4% pimelautide or 
trimexautide after sonication and passage for 2 minutes 
at 50*C. 

20 ?. ) synthesis -in ^olid ph aS r> nf V lflTM 20 r 3;2-337 
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succinvl . 

N-Prot.ection of the pini elautide — L or tri- 
mexautid^ bv the tert-b utvloxvcarbonyl groups 

500 micromoles of piraelautide (or trimexautide) 
5 are dissolved in 10 ml of a 0.1 molar solution of car- 

bonate buffer at pH 9.5. 

10 ml of a solution of diterbutyl pyrocarbonate 

at 100 nunol/l are added. 

A pH of between 9 and 10 is maintained for 
10 100 hours by adding disodium carbonate. 

The reaction mixture is then diluted with 10 ml 
of water and 10 ml of diethyl ether and the washed 
aqueous phase is acidified to pH 2 . 5 with potassium 
JbxS.uXf ate . 

15 An extraction with 100 ml of dichloromethane 

followed by evaporation of the solvent using a rotating 
evaporator leads to the crystallization of - Boc- 
pimelautide (or Boc-trimexautide) . 

The incorporation ' of Boc-pimelautide (or Boc- 

20 trimexautide) by peptide synthesis in a solid phase 
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generates two position isomers. 

h ) TT.FAVAGF AND PURI FICATION 

The cleavage of the peptide at the end of the 
synthesis is performed using anhydrous hydrofluoric 

acid. 

The peptide is then purified by gel filtration 
and type C 4 reverse-phase preparative HPLC 

Figure X represents the preparative HPLC spec- 
trum at 235 nm obtained for 20 mg of lipopeptide dis- 
solved in HCOOH. 

The lipopeptide obtained is then analyzed by 
total acid hydrolysis, by analytical C 4 HPLC chroma- 
tography and mass spectrography - 

Figure 2 represents the mass spectrum. A dis- 
tinct peak is observed at 2422.2 which corresponds to 
the mass of the lipopeptide. 

Figures 3a and 3b represent the analytical c 4 
HPLC chromatography of " the lipopeptide and of the 
control without lipopeptide respectively. 

The chromatographic conditions are as follows: 
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solvent (A) 
gradient: solvent B 



;.0.5 0/00 trif luoroacetate, 
:'0.75 0/00 acetonitrile 
0.5* trif luoroacetate, 
gradient from 10* to 80% in 120 min, 
measurement at a wavelength of 215 nnr. 
During the total acid hydrolysis, the diaminopimelic 
acid (Dap) present in pimelautide and trimexautide 
constitutes a good coupling marker. 



10 



IS 



p oults of f lip total arid hydrolysis 
Amino nanomoles measured theoretical 
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acids 

Glu 
Pro 
Gly 
Arg 
Val 
lie 



3 .2500 
7 . 1000 
3.1B0Q 
10.3500 
6.6900 
3 .3900 
9 .5800 



0.97 

2.11 

0.35 

3.08 

1.99 

1,01 

2 . B5 



1 
2 

1 
3 
2 
1 
3 



measured/ 
theoretical 
0.97/1 
1.0S/1 
0.95/1 
1.03-/1 
1.00/1 
1.01/1 
0.95/1 
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Dap 



inn 1 1 • 00/1 

3,3500 I- 00 . 1 

i 1 1.05/1 

3.5200 1.05 , * 

— nr 3 0.98/1 

i n<; 1 1.05/1 



immunization against the peptide NP 147-158. 
The ionizations of mice are carried out as 



follows : 



20 



Immunizations,:. 

The mice were injected with the lipopeptide 
preparations intraperitoneal^ (i-PO or subcutaneously 
(S.C.), with or without adjuvant. 

At least two injections (at intervals of 8 to 
30 days) are necessary in order to obtain CTLs . 

Each injection contains 5 * 10" 8 mole of 

lipopeptide. 

npt-art.ion of the CTLs 

8 to 21 days after the last injection, the 
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sp leen of the immunized mice was removed, the spleno- 
cy tes of these mice were cultured in vitro in an .mount 
of 5 xl06 s plenocytes/2 ml of conventional culture 
medium (DM EM + 10% FeS + pyruvate - nonessential amino 
acids +^-2-n,ereaptoethanol) containing 5//M of the 
peptide corresponding to that involved in the lipopep- 

tide construction. 

From the 5th day of the in vitro culture, the 
activity of the CTLs may be detected by the 
conventional test of 51 Cr release (Martinon et al . , J- 
Immunol., 142,3489-3494, 1989). 

The CTL activity is tested against some 
syngenic target cells in the presence of the peptide 
(NP 147-158 B- ,P 3 CSS. PepigP or Li-Pep.NP) or against 
some syngenic target cells infected by the influenza A 



virus ♦ 
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The results obtained are summarized in Table I. 
The first part of ' the table relates to the results 
already obtained with the whole influenza virus, the 
NP 147-158 R protein of the influenza virus and the 



4 5- 



01/04 2003 18; 29 FAX 00140613499 SERVICE DES BREVETS IP - 0BLON ©063 



10 



P3CSS-PEFNP lipopeptide, which consists of the 
NP 147-158 peptide coupled "to tripalmitoyl-S-glyceryl- 
cysteinylserylserine ( DERES et al. previously 
mentioned) - 

The second part of the table relates, on the 
one hand, to the immunization trials carried out with 
liposomes containing the NP 147-158 peptide and with 
the lipopeptides LI, L2 and L3 . These lipopeptides are 
molecules containing a peptide part (NP 147-158) and a 
lipid part, respectively. The lipopeptides LI, L2 and 
L3 are therefore of the following formulae 
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CH 3 -CO 



-NH CH-CO-NH-7YQF\TRALVTG-CO- NH-CH-CO-UHj. 



C14 



> 



CI 4 



CO-NH CH-CO-NM-TYOBTRALVTG-CO-Nri-CH CO -NH^ 



NH-CO 



CI 4 



L 3 



Cio 



- 4 P - 
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The cytolytic activities after 5 days, 12 days 
and n,ore than 21 days show that a very high activity is 
obtained for the lipopeptide LI compared to the other 
trials carried out. 
fy AMPLE 4 : 

T^nisatin n by CBl, CB . 2. *nd CB 3 a^ jns^he 

V.KV 312- t^ pftptj.de . 

This peptide is a. protein fragment encoded by 

the enV gene of the HIV virus. 

The experimental procedures are identical to 

those described in Example 3. 

Table II summarizes the results obtained, 
in this table, CB1, CB2 and CB3 correspond to 
lipopeptides formed from the peptide derived from the 
ENV protein and a lipid. 

The formulae of CB1, CB2 and CB3 are as follows: 



_ 4 a . 
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Q B G?GRAxVTICX^CO-KH-CH-CO-WH, 



CB 



CH 3 -CO-NK-CH-CO 



-NK-IRIQR"GPGRAFVTIGK-CO-NH-CH-CO-NH a 
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CB 3 



CO-NH-CH-CO-KH-IHIQHG?GJUVFVTIGK-CO-NH-Cn-CO-NH a 



10 



15 The results in Table II show a substantial 

activity for one of the lipopeptides (CB1). 
EXAMPLE 5:, 

Immunization aoain s t the peptide SNV, 302-335 ■ 
This peptide is the 302 to 335 fragment of the 
20 ENV protein of the HIV virus. 



- 5i - 
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The experimental procedure are identical to 
those described in Example 3. 

The results are shown in Table III- 

The formulae of the lipopeptides CB fi/ CB 7 and 

CB 8 are as follows: 



NH-t -TR?N 



KNT5U(SIRIQRGPGRA?VTIGXIGNWRQAK--CO-NK-CH-CO-KH a 



C3. 



-52" 
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It can be observed in TabXe HI that the two 
lipo peptide S , CB 6 and CB ? , show cytolytic activities 
substantially higher than the : control. 

Immunization aqm n ?c ^ne — hs* 

r»*. CB17. r B1 «, CB21 snjL SBZ^ 
. she .experimental procedures are substantially 

identical to those described in example 3. 

■ 4-^0 r-psults obtained- 
The table IV summarizes the resuiw 

The formula of CB, is indicated in example 4. 
The formulae of CB4, CB5, CB17, CB19, CB21 and 

CB25 are as follows : 



15 




NHCO— (CH2) l4 — CH 3 



H-UUQROPC.RAFVriOK-CO-NH CONH a 



20 



NH,- fH- CQ 



IRIDR'GPGR 



AFVTIGK-0H 



5* 



t 4 



♦ 

« 



c.«, 




CONH conh cooh 



HjNOC CONK 
R > > (H 2 C), — 



coon 



CB 5 - CO- ^CH : ) 2 — CONJ-i— 1RIQKG1>CKAHV1-JGK— Ol] 



C.:U 19= R- CO— CM 3 — NH-^CO- (CH->) 2 — CONH— ] TO QRG PC RAJ : VH G K- oh 





CONH CONH 



H 2 NOC 



H^N— H 2 C — CONH 




COR 



CONH 



<H 2 C) 3 




COR' 



CB 11 Mixture of A: R - OH 

R' <- NH— IKIQKGI'GRAFVTJGK — Oli 

B : R - Nli— rPjQROPORA^VTiOK— Oil 
R" « OH 



CS 25 



H-T^PNNNTRKSIRigRGFGRAFVTTGKIGWriRDAH CONH 




W?lCO-(CH 2 ) 14 — CH, 



CQNH„ 



EXAMPLE 7 : 

Materials and methods « 

Sequences of peptides and lipopeptides 
Peptides from NEF protein were as follows: 
5 LPl 101-126 (S-V-R-P-K-V-P-L-R-A-M-T-Y-K-L-A-I-D-M- 

S-H-F-I-K-E-K) 

LP 2 125-147 (E-K-G-G-L-E-G-I-Y-Y-S-A-R-R-H-R-I-L-D- 

M-Y-L-E) , 

LP3 155-178 (D-W-Q-D-Y-T-S-G-P-G-I-R-Y-P-K-T-F-G-W- 

10 L-W-K-L-V) / 

LP4 201-225 ( S-K-W-D-D-P-W-G-E-V-L-A-W-K-F-D-P-T-L- 

A-Y-T-Y-E-A) an d 

LPS 221-247 (Y-T-Y-E-A-Y-A-R-Y-P-E-E-L-E-A-S-Q-A-C- 

Q-R-K-R-L-E-E-G) . 
15 m addition, two GAG Siv epitopic peptides. 

hV6 165-195 (K-F-G-A-E-V-V-P-G-F-Q-A-L-S-E-G-C-T-P- 

Y-D-I-N-Q-M-L-N-C-V-G-D) and 

LP 7 246-281 ( Q- J- ; Q-W-M-Y-R-Q-Q-N-P-I-P-V-G-N-I-Y-R- 

R-W-I-Q-L-G-L-Q-K-C-V-R-M-T-N-P-T-N) 
20 were synthesized. 
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Synthesis of p-methvl-BHA-N-BQC -HDA resin 

N-tert-butyloxycarbonyl-amino hexadecanoic acid 
(Boc-Hda) was synthesized as described previously (Martinon 
et al. 1992. J. Immunol. 149: 3416) . This molecule was manually 
coupled to the p-methyl-benzhydrylamine resin according tp 
the BOP/HOBt procedure (Le-Nguyen et al. 1907, J, 
Chem.Soc.Perkin Trans. 1:1915). All lipopeptides were thus 
obtained with a carboxaraide c-terminal end* 
Svnthesjs of l ipooeptides 

The lipopeptides were synthesized using the solid 
phase synthesis according to the "Boc-Benzyl strategy" 
(Merrifield, 1963. J, Amer . Chem. soc . 85 : 214 9 ) in an automated 
Applied Biosystems 470A, peptide synthesizer (Applied 
Biosystsms. Foster City, USA), starting on 0.5 mmol of Boc- 
Hda-resin. Tert-butyloxycarbonyl (t-Boc) protected amino 
acids were purchased from the Peptide Institute (Osaka, 
Japan) . The activation procedure was the 

dicyclohexylcarbodiimide/hydroxybenzotriazole method. Side 
chain functional groups were protected as follows : serine 
(benzyl); threonine (benzyl); cysteine (S-para- 
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methylbenzyl ) ; aspartic ( O-cyclohexyl ) ; glutamic {O- 
cyclohexyl) ; tryptophane (formyl); histidine (N- im 
dinitrophenyl); tyrosine ( 2 , 6-dichloro-benzyl ) ; arginine 
(tosyl); lysine (N-2-chlorobenzyloxycarbonyl } and 

5 methionine ( sulfoxide). Coupling of each amino acid 

residues was followed by. a capping step with acetic 
anhydride. 

Cleavage and deprotection of lipopeptidyl-resins - 
Before the hydrogen, fluoride (HF) cleavage procedure 

10 (low and/or high ; HF) (Tarn et al.1983* 

J .Am, Chem .Soc. 105:6442), histidine (N~ im dinitrophenyl) 
containing lipopeptides were stirred for one night at room 
temperature in a N, N-dimethylf ormamid/beta 

mercaptoethanol/N-ethyldiisopropyla-min ( 7Q/2 0/ 10 : v/v/v ) 

15 solution in order to remove the dinitrophenyl group. At the 

end of the HF cleavage, carried out with a Teflon-Kel F 
apparatus (Asti, Courbevoie, France) , the lipopeptides were 
extracted from the resin with pure TFA and precipitated in 
a large volume of cold ether. After centrif ugat ion , the 

20 precipitate was dissolved either in a 5% acetic acid 
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solution or in a 5% ammonia solution in regard to their 
isoelectric pH. 

The amino acid composition of each crude lipopeptide 
was determined by using an automated Beckman 6300 amino 
5 acid analyser (Beckman, California, USA) after total acid 

hydrolysis at 110 *C for 24 hours in 6M HCl. 

Purification and characterization of lipopeptides by RP- 
HPLC 

Lipopeptides were purified by RP-HPkC on a Vydac C4 
10 7 /jm 300A column (9 x 3O0 mm) using a acetonitrile-water- 

0.05% TFA solvent system. The lipopeptides were eluted from 
the column using a 60 minutes gradient from 24% to 60% 
acetonitrile . The flow rate was 2 ral/mn. Lipopeptides were 
characterized by amino acid analysis and molecular mass 
15 determination by Plasma Desorption Mass Spectrometry (PDMS) 

on a Bio ion 20 device (Applied Biosystems, Sweden) 
(Chowdhury and Chait . 1989 .Anal . Biochem. 180:387). The tubes 
containing pure lipopeptides were pooled and lyophilyzed. 
Animals and protocol of immunizations 
20 Twelve rhesus macaques (Macaca mulatta) were 
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inoculated subcutaneous ly with a mixture of 1 lipopeptides ^ 
(500 pg of each) in incomplete Freund adjuvant. Three 
immunizations were performed respectively at day 0.30 and 
60. No side effect was observed except slight and transient 
5 erythema at the site of injection in macaque RS4 . 

Lymphocyte, preparation. 

Peripheral blood mononuclear cells (PBMC) were 
isolated by density gradient centrif ugatjLon on lymphocyte 
separation medium (Flow Laboratories, Glasgow, United 

10 Kingdom) and were either used immediately or stored at - 

180" in liquid nitrogen. : 
Generation of the CTL lines . 

PBKC from rhesus macaques were cultured at 2 . 10 6 
c«l Is/ml in 2A -well microti ter plates in culture medium 

15 consisting of RPMi 1640 supplemented with penicillin (100 

U/ml), streptomycin (lOO^g/ml)/ L-glutamine (2mM), 
nonessential amino acids (1%)/ sodium pyruvate ( ImM) , 
HEPES ( N-2-hydroxyethylpiperazine-N' -2-ethanesulf onic acid) 
buffer (10 mM) , beta-mercaptoethanol ( 2.10- 5 M), and 10% 

20 heat-inactivated human AB serum. Mixture of the. 7 peptides 
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was added in each well at a concentration of 5 fM. After 3 
days, 10 IU/ml interleukin-2 (IL,2) (Boehringer, Mannheim) 
was added. At Days 7 and 14, cultures were stimulated by • 
fresh autologous PBMC previously pulsed for 2 hours with 
5 the pool of the 7 peptides (5 pM) , washed and irradiated 

(4,000 rads) (ratio effector; stimulator = 1:3). In some 
experiments , effector cells have been stimulated by 
autologous SlV-infected cells prepared as follows. Briefly 
PBMC were cultured with. ConA during 3 days and then 
10 infected with SIV (10 2 TCID50 for 10 6 cells). After one 

week, these cells were washed and irradiated (10,000 rads) 
and served as stimulator ( ratio effector : stimulator = 
1:1). 

Phenotyp ic analysis of T-.ce 11 linps 

The T-cell lines were phenotyped the day of the 
chromium release test (CRT) by incubating cells with 
fluorescein isothiocyanate-conjugated anti-CD4 (OKT4; Ortho 
Diagnostic Systems. Raritan, NJ) and phycoerythxin- 
conjugated anti-CD8 (Leu-2a; Becton-Dickinson, 1 Mountain/ 
View, CA) monoclonal antibodies for 10 minutes at room 
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temperature, washing once with phosphate-buffered saline. . 
All cells were examined for percent positive-staining ceils 
on an EPIC CS flow cytometer (Coulter) , 
cell fractionation 

PBMC were incubated at 10 7 cells/ml with either OKT4 
(2 jjq) or Leu 2a ( ljjg] for 30 minutes at 4*C. After 
incubation with OKT4 or Leu 2a, CD4 + or CD8+ cells were 
eliminated by magnetic separation with immunomagnetic beads 
(Dynabeads, Dynal, Oslo/ Norway). The cells were then 
washed with culture medium. 
In vitro transf ormatio n of' B cell lines 

B-lymphoblastoid cell lines (LCL) were generated by 
incubating serial dilutions of PBMC with supernatant of s 
594, "S "594 , kindly provided by N.Letvin, i* a cell line 
15 producing the immortalizing baboon herpes virus (Herpes 

virus papio). B-LCL were then cultured in culture medium 
supplemented with 10% foetal calf serum. 
Recombinant vaccinia viruses. 

Sequences encoding the NEF and the GAG p55 proteins 
were inserted into vaccinia virus, which served to infect 
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target cells. The wild-type vaccinia virus, strain 
Copenhagen, was used as a control. All these constructions 
were made by Transgene, Strasbourg, France. 
f.hroitiium relea se test f CRT) 

To obtain target cells presenting SIVmac gene 
products, B-LCL were incubated at a concentration of 10 6 
cells/ml with recombinant vaccinia virus (20 pfu per cell) 
tor 18 hours at 37 'c in a 5% co 2 humidified atmosphere. To 
sensitize target cells with peptides, the peptides were 
incubated overnight at a concentration of 2CyM with 10« 8- 
LCL under the same conditions. B-cells were then washed and 
labelled with 100 A.C1 or Na 2 5 X CrC 4 . ( Amersham, UK, for 1 
hour, washed twice and used as target cells. S1 Cr release 
ace ay wa* performed in V-botton^d 96-w.ll microliter 
plated. The cytolytic activity of anti-SlV cell lines was 
measured by mixing 5 x 10* 51 Cr labelled target cells with 
effector cells at various E/T ratios in a final volume of 
0.2 ml/well. Plates were incubated for 4 hours at 37 'C 
after which o.l ml of supernatant was harvested from each 
well and analysed by a gamma counter. Spontaneous release 
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was determined after incubating target cells with medium 
alone and never exceeded 20% of the total 51 Cr 
incorporation. Results were expressed as specific chromium 
release: 100 x ( experimental cpm- spontaneous cpm)/ 
(maximum cpm - spontaneous cpm) . 
RESULTS : 

1- CTL activities have bear) foun d in 7 macaques. 

CTL activity has been induced in 7 macaques, 
directed against a NEF peptide in 5, and against a GAG 
peptide in the remaining 2 (table V). Six macaques 
recognized a single peptide, only one macaques, RS2Q 
recognizing 2 different NEF peptides. 

Among the NEF peptides, NEF 155-178 appears highly 
iirninmogenic since i* was ■ epitopic for CTL in 3 macaques 
15 (RS6, RS17, RS20) . NEF 201-225 was recognized by 2 macaques 

(RS21, RS23), In contrast-, NEF 125-147 was recognized by 
only one macaque ( RS20) Similarly , the two GAG peptides 
were recognized respectively by macaques RS4 (165-195) and 
RS7 (246-281). Finally,, two of the NEF peptides, NEF 101- 
20 125 and NEF 221-247 have never been recognized. 



64 



01/04 2003 IS: 34 FAX 00140613499 SERVICE DES BREVETS IP - OBLON 



m 

4 



Cytolytic activities «-re usually detected eft.r, 3 

in vitro stimulations (day 21 of the culture) although some 
activities hava been occasionally observed after only 1 'or 
2 in vitro stimulations. 
5 At day 21, the cell lines evidenced a predominantly 

CD8 phenotype ( on average 35% CD4 + cells and 50* CDS + 
c .ll 8 ) (table V) suggesting that the cytotoxic activities 

* ' t_ . ( *«n * c* was conf irmed by 

were mediated by CD8+ lymphocytes - This 

ptt activity disappearing after 
depletion experiments, CTI, acriviuy 

n- • ,f these cells , whereas CD4 depletion has no 

10 elimination tnese Leii:i ' 

4 n„«frfl*ed in fiqure 4 for macaque 
effect on the lysis, as illustrated in xxy 

.^rpqpnts the specific cytolytic 
RS20, This figure represents tne -t> 

activity of anti-peptide NEF 164-178 CTL fro™ macaque RS20. 
£ ««;tor c«ll* w.r^ unfraction*ted PBMC < 4* ) , or PBMC 
deputed of CD4+ cells by treatment with a monoclonal 
antibody anti-CD4 plus complement (4b), PBMC depleted of 
CDB+ cells by treatment with an anti-CDO monoclonal 
antibody (MoAb) bound to magnetic beads at the time of CRT 
(4 c). Target cells : were autologous B-LCL alone or 
20 incubated with NEF peptide 164-178. 
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3 -No CTL activity found before ionization. ? 

To assess the in vivo priming of macaques by 
lipcpeptides and to discard a possible in vitro induction 
of CTL responses during the culture, the cells of 5 
5 responding macaques have been tested {RS4, RS17, RS2G, 

RS21, RS23) sampled before any in vivo immunization. They 
were stimulated in vitro with the pool of peptides. In most 
cases , no cellular growth was observed and massive cell 
death prevented from performing the CRT- In a few cases, 
ID cell lines were obtained. They were of the CD4+ type and no 

cytotoxic activity was observed , 

and GAG sp^ifie CTL rpr ogni^ed naturally 

processed peptides f mm MEF or GAG proteins. 

It was important to determine whether or not the CTL 

15 of responder macaques would be capable to recognize not 

only the immunizing synthetic peptides but also the 
naturally processed peptides in infected cells. To answer 
this question . Ef factor cells were stimulated by 
autologous PBMC sensitized with the mixture of peptides 

20 (5a) or by autologous SIV infected blasts. (5b). Target 
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cells were autologous B-LCL alone, incubated with peptide 
GAG 165-195, infected with a wild type vaccinia virus or 
with GAG recombinant vaccinia virus (Vac-GAG) . 

a) It has demonstrated at first that CTL induced by 
lipopeptides could lys.e Vac-NEF or Vac-GAG infected 
autologous target cells as illustrated for macaque RS4 in 
figure 5a- Similar cytolytic activities against Vac-NEF or 
Vac-GAG infected cells' were regularly demonstrated in all 
the 7 responder macaques (Table VI) . 

b) PBMC from immunized animals have been stimulated 
by autologous SIV-inf ected cells- The CTL generated in 
these experiments were able to lyse peptide sensitized 
target cells as well as target cells infected with the 
corresponding recombinant vaccinia virus a* «hown in. figure 

15 5b for macaques RS4 - 

c) it must be also emphasized that in three 
responder macaques, shorter 15-mer peptides were defined as 
epitopes and were identical to epitopic peptides previously 
described in S iv-inf ected macaques (Table VII) (Bourgault 
et al. 1992. J. Virol. 66:750, Yamamoto ... et al.1990- 



10 



20 



67 



01/04 2003 18:35 FAX 00140613499 SERVICE DES BREVETS IP - OBLON ©084 



10 



J „ Immunol .14 4 ;3 385) . 

4. Kinetics of in vivo CTfr responses. 

Cytotoxic activities were systematically detected in 
all responded macaques after 3 immunizations. However , in 
3 macaques ( RS4 , RS17 and RS20), CTL were already found 
after two immunizations. 

interestingly, after having been detected, these 
cytotoxic responses always persisted for at least 13 months 
after the last immunization in the two macaques (RS4 and 
RS20) which have the longest follow-up after immunization, 
confirming the presence. of long lasting CTL memory cells in 
immunized animals . 
Conclusion i 

These CTL found- in these experiments are clearly 

15 primed in vivo. 

These results demonstrate that naturally processed 
peptides are recognised at the stimulator a = well as at the 
effector stages of the immune response by lipopeptides 



20 



induced CTL. 

A major interest of vaccination with lipopeptides 
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found in these experiments is the persistence in peripheral 
blood of a detectable CTL precursor activity for at least 
10 months. Humoral immune response usually declines quicKly 
after immunization although memory B cells persist at a low 
l.vo-1 and can be further reactivated.' After immunization, 
one expected a decrease in CTL activity with homing of 
memory CTL within lymphoid organs and few circulating 
memory cells. The persistence of a strong activity in 
circulating PBMC suggest a high frequency of memory CTL 
pirecui:so3CS - 

interests of lipopeptidic vaccines are multiple. 
Lipopeptides are safe, without side effects, and the 
protocol of vaccination could be easily applicable to 
humans- Mo»ov#r, the response will not b e hampered by a 
preexisting immune response against the vector as observed 
with recombinant viruses (Cooney , E-L. et al . 1991. Lancet 
337:567). In addition, lipopeptides allow the induction of 
antibodies; anti NEF and GAG antibodies were detected in 
this study but are unlikely to be efficient for protection. 
However, neutralizing antibodies have been obtained in mice 
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by immunization against ENV (HIV1) - derived lipopeptidqjs . 
Therefore, the association of lipopeptides inducing CTL to 
other lipopeptides capable to generate antibodies should 
result in efficient protection. 
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Legends table V: 

a PBMC were obtained from' 12 immunized macaques and a 
restimulated by the mixture of the 7 peptides in vitro. 
b target cells were autologous B-LCL immortalized by the . 
herpes papio virus and incubated with peptide (20jjM). 
c target cells (5,10 3 ) were labeled with 51 Cr and incubated 
for 4 hours with various numbers of effector cells. 
d E/T ratio, effector to target ratio. 

e Phenotypes were performed on cell cultures just before the 
CRT - 

f CRT was considered as positive if the specific chromium 
release observed against peptide-pulsed target cells 
exceeded that observed on B-LCL without peptide by more 
than 10% at the highest E:T ratio. 
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Legends Table VI: 

a PBMC were obtained from 12 immunized macaques and 
restimulated by the mixture of the 7 peptides in vitro. _ 

^target cells were autologous B-LCIj immortalized by the 
herpes papio virus and in-fected with a- wild type <WT) or 
Nef or Gag recombinant vaccinia virus. 

^target cells (5.1Q 3 ) were labeled with 51 Cr and incubated 
for 4 hours with various numbers of effector cells. 

d E/T ratio, effector to target ratio. 

e C RT was considered as positive if the specific chromium 
release observed against target cells presenting SIV 
antigens exceeded that observed on targets infected with 
the wild type vaccinia virus by more than 10% for 210:1 E/T 
ratio or 5% for 70:1 E:T ratio. 
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WHAT WE CLAIM: - 

1. A lipopeptide comprising a peptide having between 
10 and 40 amino acids and at least one antigenic 
determinant, said lipopeptide also comprising at least one 
Chain derived from a member selected from the group 
consisting of pimelautide, trimexautide , hexadecanoic acid 
and 2-amino-hexadecanoi.c'acid and steroid groups coupled on 
the -NH 2 groups of said amino acids. 

2. The lipopeptide. of claim 1 wherein the steroid is 
N- [ ( cholest-5-enyl-3-oxy) -acetyl ] -lysine . 

3. The lipopeptide of claim 1 wherein the steroid is 
(cholest-5-enyl-3^oxy) -acetic acid . 

4. The lipopeptide of claim 1 wherein the peptide is 
a *«gm<mt of a protein of the HIV-1 or HIV-2 viruses. 

5. The lipopeptide of claim 4 wherein the peptide 
fragment is a fragment of the proteins encoded by the ENV- 
gene, the NEF gene, or the gag gene. 

6. The lipopeptide of claim 5 wherein the fragment 
is the 312-327 fragment, the 302-336 fragment or the 307- 
331 fragment of the protein encoded by the ENV-gene. 
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7. A vaccine against pathogenic agents containing^ a 
lipopeptide of claim IV 

8. A vaccine against diseases caused by HIV viruses 

containing a lipopeptide' of claim 4. 

9. A vaccine against diseases caused by HIV viruses 
containing at least three lipopeptides wherein the 
respective peptide fragments are fragments of the proteins 
encoded by the ENV gene, the GAG gene and the NEF gene. 

10. A vaccine against diseases caused by HIV viruses 
containing at least six lipopeptides wherein the respective 
peptide fragments are the following fragments : 

- 307-331 fragment of the protein encoded by the ENV 

gene , 

- .66-37, 117-147 and 182-205 fragments of the 
protein encoded by the NEF gene, 

- 183-214 and 253-284 fragments of the protein 
encoded by the GAG gene. 

11. A method of immunising warm-blooded animals 
against pathogenic agents comprising administering to warm- 
blooded animals an immunizingly effective amount to induce 
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cytotoxic T lymphocytic* ot a lipopeptide comprising v a 
peptide part having between 10 and 40 amino acids 
approximately and preferably between 10 and 20 amino acids 
approximately and comprising at least one antigenic 
determinant, said lipopeptide also comprising one or more 
chains derived from fatty acids comprising 10 to 20 carbon 
atoms and/or one or more steroid groups modified and 
coupled on the a-NH 2 functional groups of said amino acids, 
said lipopeptide being not a lipopeptide in which the 
lipidic part is composed of a palmitoyl-S- [ 2 , 3- ( bis- 
palmitoyloxy) -propyl ] -cyst einyl . 

12. A method of immunizing warm-blooded animals 
against pathogenic agents comprising administering to warm- 
blooded anintai-s tin immunrzi-ngl-y effective amount to induce 
cytotoxic T lymphocytes of a lipopeptide comprising a 
peptide part having .between 10 and 40 amino acids 
approximately and preferably 10 and 20 amino acids 
approximately and comprising at least one antigenic 
determinant, said lipopeptide also comprising one or more 
chains derived from fatty acid comprising 10 to 20 carbon 
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atoms and/or one or more steroid groups modified and. 
coupled on the e-NH 2 functional groups of said amino acids, 

13. The method of claims 11 and 12 wherein the fatty 
acid- derived chain is 2-aminohexadecanoic acid or one of 

5 its derivatives. 

14. The method of claims 11 and 12 wherein the fatty 
acid - derived chain is hexadecanoic acid or one of its 
derivatives . 

15. The method of claims 11 and 12 wherein the fatty 
10 acid-derived chain is N-palmitoyllysine . 

16. The method of claims 11 and 12 wherein the fatty 
acid - derived chain is N, N ' -dipalmitoyllys lne . 

17. The method of claims 11 and 12 wherein the fatty 
acid - derived chain, is pimelautide or triTtiexaatide . 

15 is. -The method of claims 11 and 12 wherein the 

steroid is N-[(cholest-5-enyl-3-oxy)-acetyl]-lysine, 

IB. The method of claims 11 and 12 wherein the 
steroid group is ( cholest-5 -enyl-3-oxy) -acetic acid. 

20. The method: of claims 11 and 12 wherein the 
20 peptide part is a fragment of the protein encoded by the 
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ENV gene and, in particular, the 312-327 fragment , t,he 
302-306 fragment or the 307-331 fragment. 

21, The method of claims 11 and 12 wherein the 
peptide part is a fragment of the protein encoded by the 
NEF gene, and in particular the 66-97 fragment, the 117-147 
fragment or the 162^205 fragment, 

22. The method of claim 11 and 12 wherein the 
peptide part is a ■ fragment of the protein encoded by the 
GAG gene and in particular the 183-214 fragment or the 253- 
284 fragment - 
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